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ABSTRACT : PURPOSE: To form a pressure converter for maintaining linearity in resistance change 
due to pressure variation by determining the thicl<ness of a diaphragm layer by the 
thickness of a semiconductor layer on a pattern layer, and unifomnly forming the pattem 
layer and the semiconductor layer in thickness. 

CONSTITUTION:- An epitaxialJayer J 2Jsiormed.in uniform thickness on_a_su^^^ _ 

diffused resistance layer 6 is formed on the layer 12, and the surface of the layer 12 not 
provided with the layer 6 is covered with a protective film 8. An etching mask layer 1 3 
having an opening is fomned on a region corresponding to an Insulating film 1 1 on the rear 
face of the substrate 1 . The substrate 1 under the opening of the layer 13 is removed to 
expose the rear face of the film 1 1 . The film 1 1 and the layer 13 are removed to form a 
pressure converter having a thin part 2 to become a diaphragm layer at its center and a 
thick part 3 at the periphery. The thickness of the part 2 is determined by the thickness of 
the layer 12. Thus, the converter in which the linearity of the resistance change can be 
maintained by the pressure variation is formed. 
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Specification 

1 Name of Invention: . *u ^ 

Pressure Converter Element Manufactunng Method 



a A plSie converter element manufacturing method that includes 

Arr^crtofabricateapattemlayeredonaspecificareaonthesurfaceofa 

A p^i to fabricate a semiconductor layer on top of said substrate that contains 

t ^Srtta^aTfiUsion resistance layer on top of the aforementioned 
c^-mirnnductor layer on top of aforementioned pattern layer, 
ITocestrex^^^^^^ Xementioned pattern layer surface by removing from 
1 SoremSS substrate the regions corresponding to the fforementtoned 
!fttf^ rSoLnentioned substrate through performing selective etchmg, and 
OTst 1^^ Xhragm layer the aforementioned semiconductor layer 
on' op of tie S>rementioned p^em layer by removing the aforementioned 
pattern layer. 

3. Detailed Explanation of the Invention 
[Area of Industrial Use] 

This invention has to do with a manufacturing method for pressure converter elements 
"w^ resistor element is provided in a semiconductor substrate. 

smgie crys.uii ^uua .t,^„_„ 7:0 a metal interconnect layer made from, tor 

the metal interconnect layer. 

Sbricate a diffusion resistor layer 6 of U.e opposrte ^'^'l^^'^f^^^^^^n. 
single-crystal substrate 1 on the top layer of the thm-walled part 2. Subsequenuy. wen 



8, and the connection lines 9. ^ext, thm ^^^^ 
conversion elements are manufactured. 

resistance value of the difitasion resistance layer 6 Xfita »aUed part 2 when an 

diaphragm layer. 

even exttemely small changes to the resistance can be detected. 
Ontheotherhand, the larger ^erateofchan^^ 

changing pressure (i.e., sensitivity) the ^toT^sT^ -ust be reduced, 

enable the detector to detect with ease, 2%ere the diffusion 

For example, a diffusion resistance layer 6 of the thin;^^^^^ ^ to 
resistance layer 6 had a dieuneter of 2 v ^^^^^^^mce value was 

measure full pressure to 1 kg per cubic centuneter at ^"l^^ . ^^^^^ 
?kg per cubic centimeter, a change of approxmiately 2% of the resistance value. 

[Problem Solved By This hivention] 

-Howiver; as»B-c W*i.^^^ 

the film thickness becomes »o«e. leading to P'*^™ ™ ^ about 

rp<!ktance change to pressure change is poor. It the worsemng ui u 
~ U beVssible u> compensate tor ""^'^S.^f it 
compensation becomes impossible .f the '"^.s ™>« "^^^^^ ^l 

=tih^:.:^--— ^^^^^^ 

However^ere was the problemtha.it wasimpo^bleon^^^^ 

polishmg. a»lalso impossible '» >^ J^'^^h^v^ a of about 

uniform fite. thickness the thm-walled part 2 with walls a ^ 

45 microns from a relatively-thick silicon smgle-crystal substrate wim a 
of about 300 to 400 microns. 

change in resistance relative to the change in pressure. 
(Means for Solving the Problem) 



The pressure converter element manufacturing method of this mvention mcludes a 
I^ocS to^abri^e apattem layered on a specific area on the surface of a substrate, a 

o febricate aLmiconductor layer on top of said substrate that contains the 
Z"meSionrdpattern,aprocess to fabricate 

aforementioned semiconductor layer on top of aforementioned pattern 1^^^^^^^^^° 
exDose the aforementioned pattern layer surface by removmg from the aforementionea 
SsSte Ae corresponding to the aforementioned pattern m the ^or^mcnUmcd 

by removing the aforementioned pattern layer. 
(Operation) 

In this invention, the diaphragm layer thickness is determined by the thickness of the 
semiconductor layer that is fabricated on top of the pattern layer. 

(Examples of Embodiment) 

Figures 1 (a) through (f) are each cross-sectional diagrams showing the manufacturing 
Sd for p^suifconverting elements in one example of embodmient of this 
invention. 

Firstly, as a shown in Figure 1 (a), a dielectric layer 1 1 is fabricated "^^^ J^^ 
tSss over specific regions of the silicon single-crystal substrate 1. ^electee 

lay^TlS^^^ _ 
' fromasilicon oxide'layeroramtride-layer. - - - 

• T2- 1 fu\ a« .-nitavial laver 12 with a uniform fihn thickness is 
Next, as a shown m Figure 1 (b), an epitaxial layer iz wiui ^ ^^tlind on the 
fabricated on top of the dielectric layer 1 1 usmg an epitaxial growth method on the 
silicon single-crystal substrate 1 (which includes the dielectnc layer 1 1). 

After this is done, conventional methods are used to f^^";^^^ 
layer 6, such as shown in Figure 1 (<^)oniheXop\^yerp^oftheep^i^ \^^^^^^ 
the die ectric layer 1 1, and those parts of the surface of the epitaxial layer 12 where ttie 
*ffuSon Ssistor layei 6 is not provided are covered with a passivation layer 8. 

Subsequently, as the shown in Figure 1 (d), a well known of method is used to the 
a m^tal intercomiect layer 7 that comiects electrically with the diffusion 
resistance layer 6. 

After this as a shown in Figure 1 (e) an etching mask layer 13 is fabricated^with die 

io the that'Torrespond to the dielectric layer 1 1 on the surface of the 

SnCe^crylal substrate 1, doing so using a photolithographic technology. 



In addition, a chemical etching method is used to remove from the surface of the silicon 
single-crystal substrate 1 the part of the silicon single-crystal substrate 1 that is under the 
openings in the etching mask layer 13, using the etchmg mask layer 13 as a mask, thereby 
selectively exposing the surface of the dielectiic layer 1 1 . Because the dielectric layer 1 1 
has superior etch resistance to this etching, the dielectiic layer 1 1 is not etched. 

Next, a pressure converting element that has a tiiin-walled part 2, which acts as the 
diaphragm layer, in the middle, surrounded by a tiiick-walled part 3, can be fabricated by 
removing the dielectiic layer 1 1 and the etching mask layer 13. 

The fihn thickness of the thin-walled part 2 that is formed in tiiis way is determined by 
the fihn tiiickness of tiie epitaxial layer 12 that is formed on top of tiie dielectiic layer 1 1 . 
The fihn tiiickness of tiie epitaxial layer 12 has good reproducibility, and it can be grown 
witii a unifoim fihn tiiickness on top of tiie dielectiic layer 1 1 . Moreover, because tiie 
underlying dielectric layer 1 1 can also be grown witii a uniform fihn tiiickness, it is 
possible to produce tiie tiiin-walled part 2 a witii a uniform fihn tiiickness. The result of 
tills is tiiat it is possible to obtam a pressure converter element tiiat has excellent 
sensitivity and is able to maintain Imearity between in tiie change in pressure and tiie 
change in resistance. 

It should be noted tiiat even tiiough tiiis example of embodunent describes a sihcon oxide 
layer and a nitiide layer, etc., as tiie dielectiic layer for use as tiie pattern layer for the 
diaphragm layer, otiier materials can be substitiited as long as tiiey can be fabricated witii 
uniform fihn tiiickness as long as tiiey have superior etching characteristics relative to tiie 
etching of the silicon single-crystal substirate 1. 

—Even-tiiough in tiiis example of-embodiment,-tiie-epitaxial Jay.er l 2Jsjf*^ 
diaphragm layer by growing an epitaxial layer of on top of tiie silicon single-crystal 
substrate 1 (including the dielectric layer 1 1) it is appropriate to tiiis invention to fabricate 
tiie pattern of tiie dielectiic layer 1 1 on any given substirate as long as it is possible to 
growtii a single-crystal semiconductor layer on top of tiie substiate tiiat includes tiie 
pattern. 

(Effects of tiie Invention) 

As has been explained above, using this invention and it is possible to a making tiie film 
tiiickness of the diaphragm layer uniform even tiiough it is tiiinner because it is possible 
to fabricate uniformly tiie film tiiickness of tiie pattern layer and tiie semiconductor layer 
on top of tiie pattern layer because tiie fihn thickness of tiie diaphragm layer is 
determined by tiie film tiiickness of tiie semiconductor layer tiiat is fabricated on top of 
the pattern layer. 

The result of tiiis is a tiiat it is possible to fabricate a pressure converter element tiiat has 
excellent sensitivity while still able to mamtain tiie linearity of tiie change in resistance 
based on the change in pressure. 



4. Simple Explanation of the Drawings 

r^rl^nS is a i-ss-seotional <ta«ing of a — o»l pressure 
converter element. 

layer. 

No«fl»«tesamc niters in each tadividualdravmg indicate eithertesame par. 

corresponding part. 
Representative: Masao Oiwa 
Figure 1 

[See original for Figure] 

1 Single-crystal silicon substrate 

2 Thin-walled part 

6 Diffusion resistor layer 

11 Dielectric layer 

12 Epitaxial layer 

13 Etching mask layer 



Figure 2 



[See original for Figure] 

Amendment (Self-Initiated) 
November 29, 1985 

To the Director of the Patent Office: 

1. Item: Patent Application 863-184018 

2. Name Of Invention: Pressure Converter Element Manufacturing Method 



3. Amended by: 

Relationship to item: Patent applicant 
Address: 2-2-3 Marunouchi, Chiyoda-ku, Tokyo 
Name: (601) Mitsubishi Electric Company, Ltd. 
Representative: [illegible] 

4. Representative 

2-2-3 Marunouchi, Chiyoda-ku, Tokyo 

Mitsubishi Electric Company, Ltd. 

Name: (7375) Masao OIWA, Patent Attorney 

Contact information: Patent Department at 03 (213) 3421 



-57Subject-of-Amendment .7~7 

The "Detailed Explanation of the Invention" m the Specification 

6. Details of Amendment jiAuits 
(1) The term "linearity" in the details m block of 4 Imes 6, 7, 9, and 19, block 8 
line 1 , and block 9 line 4, should be replaced with "linearity and umformity 
between the pressure converter elements." 



